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The detailed behaviour, however, depends on the collision frequencies. When many collisions take place during the collapse, a hydrodynamic description will suffice, and shock waves are generated as described by Allen. 2 In very high temperature plasmas, however, the collision frequency is low and a rapid compression may be essentially " collisionfree ". Rosenbluth's treatment 3 refers to such a " collision-free " compression.
The calculations presented in this paper refer to the collision-free collapse of a plasma containing a magnetic field, since the latter was not included in Rosenbluth's theory. The compressing field is assumed to be in the same direction as the internal field, for the sake of simplicity. Figure 1 is a sche- matic diagram illustrating this configuration in a practical case. The following calculations refer to a plane plasma, an approximation that suffices for the early stages of the compression.
FUNDAMENTAL EQUATIONS
The equations are the same as those used in previous work on collision-free hydromagnetic waves. 4 The coordinate system is chosen so that the magnetic field is in the z direction and the plasma initially occupies the space represented by positive values of x. There are no variations in the у or z directions. The equations of motion for the electrons and ions can be written as follows, where и and v are the velocity components in the x and у directions, and suffixes 1 and 2 refer to the electron and ion respectively,
The original thermal velocities are ignored, since they are small compared with the directed velocities which the particles acquire.
The equations of continuity are
where n is the particle density, and the field equations, neglecting the displacement current, are The numerical values of ¡i and h (the permeability and dielectric constant of a vacuum) are both unity, but they are retained in the equations used here. The latter will be simplified, as in the previous work, 4 by using the fundamental property of a plasma, namely, \п г -n 2 \ «С п. The difference between п г and n 2 is ignored, except in Poisson's equation, Eq. (8); this small difference produces the electrostatic field E x which dominates the motion of the massive positive ions. It has been assumed that the latter are singly charged, so that е г + e 2 = 0. The current must flow in the у direction, since the magnetic field is in the ^-direction and varies only with x. Thus и г = u 2 = и (say), since % = n 2 , and the relative velocity between the electrons and ions may be written v = v x -v 2 . Dropping the subscript from B z and eliminating E x from Eqs. (1) and (3) gives
and equations (2) and (4) yield
Equations (5) 
Equations (9)-(13) form a set of five simultaneous differential equations relating the five unknowns, u, v, B, E y and n.
Change of Co-ordinate System
A new variable, h, will now be introduced, which is constant for any particular particle, and which is equal to the x co-ordinate of that particle at t = 0. Then The differential equations (9)-(13), when expressed in terms of the independent variables, h and t, become {9a) 
Introduction of Dimensionless Quantities
The following dimensionless quantities will now be introduced: On eliminating u n , v n and E n from these equations, the following pair of simultaneous equations is obtained for B n and n': 
Boundary Conditions
The plasma is initially uniform, so that B n = 1 and rí = 1 when t n = 0. Using this boundarycondition, direct integration of equation (15) yields
It is convenient to specify the current, rather than the voltage, since the former is directly proportional to the increase in the magnetic field strength (outside the plasma). A linear increase with time is assumed in this paper, viz., (B n -1) = at n , and the results which are presented below refer to the particular case where a = 1. 3 show the values of B n and rí as functions of h n , for different values of t n . These have been obtained by solving equations (14) and (16) numerically. Figure 4 shows B n and n/n 0 plotted against x n , for different values of t n \ these curves have been obtained from the previous ones by using the relation dx = пЫк. Figure 5 shows the position of the plasma boundary as a function of time.
RESULTS

Figures 2 and
Shortly after t n == 1.6, rí -> 0 at h = 0, i.e., n -> oo at the plasma boundary. Physically this means that the outermost ions are overtaking their neighbours, thus forming two streams of ions at some points. The equations are no longer valid after this time, since it has been assumed that the electron (or ion) velocity is single-valued at all points.
Other cases are being computed at present, in which the external magnetic field obeys the law
In some circumstances (those of the less violent compressions) hydromagnetic waves are launched into the plasma, and double streams do not occur.
DISCUSSION
It was shown in the previous work 4 that the equations are valid if three conditions are satisfied:
(a) (v*/c) 2 ^C 1. This condition must hold if п г -n 2 \ <C ^ ; it is also the condition for non-relativistic equations to be valid. An alternative form is It is easily shown, using Equations (l)- (4), that the electrostatic field is given by (w a -т х )\ vB w 2 + % This quantity is finite at the plasma boundary, which means that a surface charge must exist. It can be shown, however, that the thickness of the spacecharge layer is of the order of (v*/c) 2 d, which is small compared with d if condition (a) is satisfied.
The formation of double streams of ions is a result which might have been anticipated, since the plasma boundary is continuously accelerated in the present case (as shown in Fig. 5 ), whereas the previous work 4 has shown that simple hydromagnetic waves cannot be propagated at speeds greater than twice the Alfvén velocity. Also, it is known that two streams must exist if the compressing field is sufficiently large compared with the internal field, since double streaming occurs when the latter is zero. 3 It has been mentioned that hydromagnetic waves are propagated into the plasma if the compression is not too violent. If the time of compression is long compared with the transit time of a hydromagnetic wave, the plasma is uniform and Eq. (16) shows that n/n 0 = B/B o , i.e. the electrons are " tied " to the magnetic lines of force. In a rapid compression, however, the electrons are not tied to the lines of force, but " slip " relative to them.
A considerable amount of energy is imparted to the particles in a rapid compression; the massive positive ions are accelerated inwards by the electrostatic field, while the electrons attain high velocities in the direction of current flow. These high electron velocities result from the " slipping " of the electrons relative to the magnetic lines of force, and the mean energy is comparable to that of a positive ion.
